When making a decision it is often necessary to consider the available alternatives in order to choose the most appropriate option. This deliberative process, where the pros and cons of each option are considered, relies on memories of past actions and outcomes. The hippocampus and prefrontal cortex are required for memory encoding, memory retrieval and decision making, but it is unclear how these areas support deliberation. Here we examine the potential neural substrates of these processes in the rat. The rat is a powerful model to investigate the network mechanisms underlying deliberation in the mammalian brain given the anatomical and functional conservation of its hippocampus and prefrontal cortex to other mammalian systems. Importantly, it is amenable to large scale neural recording while performing laboratory tasks that exploit its natural decision-making behavior. Focusing on findings in the rat, we discuss how hippocampal-cortical interactions could provide a neural substrate for deliberative decision making.
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Deliberation in the rat
Behavioral observations in naturalistic settings demonstrated that the brown rat, Rattus norvegicus, has remarkable spatial memory (Calhoun, 1963; Telle, 1966) . Individuals can remember locations of food sources, paths, predators and competitors in an environment and use this information for efficient foraging. Moreover, natural environments are complex and change over time. The rat needs to adapt to any changes it encounters, such as the presence of predators and obstacles on its foraging routes. As a result, relying solely on reflexive or habitual routines is insufficient for successful foraging in the long term. Memory, in particular the ability to learn spatial relationships and to modify stored representations when the world changes, is therefore critical for a foraging rodent to obtain food while avoiding danger.
Making navigational decisions based on stored memories requires planning and evaluation of potential trajectories from information about past foraging experiences. This representation of the external world stored in memory has been referred to as the ''cognitive map'' (Tolman, Ritchie, & Kalish, 1946; Tolman, 1948) . Navigational decision making can therefore be seen as an internal deliberation process whereby different routes through the animal's cognitive map are evaluated. In this type of decision making, the animal considers the action and consequences of multiple options, weighing up the pros and cons in order to decide on the most suitable option.
We expect that this type of deliberation is most important during the learning of new routes and following changes to the environment. In these situations, no single option stands out as being correct and therefore many alternatives need to be considered. Many aspects of natural foraging behavior are captured in laboratory behavior paradigms that require a rat to find food rewards by navigating along defined paths or in an arena. Thus, these paradigms are well suited to investigate deliberation in a spatial context that is ethologically relevant. Indeed, a rat performing a laboratory task that requires a choice between different arms of a maze pauses briefly at maze choice points and turn its head back and forth to scan the possible routes before choosing one, a behavior termed vicarious trial and error (Muenzinger & Gentry, 1931; Tolman, 1938; Johnson & Redish, 2007) . This behavior is most frequent in the learning phase of the task when the rat is still unsure of the rules.
Neural signatures of deliberation
The processes of deliberation include the initial formation of memory, its subsequent recall to provide the options for deliberation and the comparison and evaluation of these options. These processes depend on a number of brain regions, including the hippocampus and the prefrontal cortex (PFC). While patterns of activity important for memory formation have been identified in the
